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INIRODUCTION

In a letter dated 7 February 1977 the Naval Sea Systems Command (Captain
Skolnick, Project Manager, High Energy Lasers) requested and subsequently
funded a meteorological measurement program at the White Sands Missile
Range (WSMR) to support adaptive optics design. The program would focus
primarily on optical turbulence and would initially encompass an intensive
2-week effort. In addition to turbulence, measurements would be made of
wind, temperature, reliative humidity, inversion heights, and particulate
size distribution.

The initial 2-week period was scheduled for 24 March through 8 April 1977
and involved a combination of aircraft, tower, rawinsonde, acoustic sounder,
and "surface" measurements/observations. The aircraft measurements were of

-the atmospheric structure parameter measure of optical turbulence; these
measurements were performed by the Wave Propagation Laboratory, Environ-
mental Research Laboratories, National Oceanic and Atmospheric Ackministra-
tion (NOPA) and are covered in Appendix A.

The remainder of the measurements/observations were conducted by the
Atmospheric Sciences Laboratory and involved three sites: Laser Systems
Test Center (LSTC), Apache Site, and Arky Site (Fig. 1).

At the LUTC, point measurements of optical turbulence, windspeed and
direction, and temperature were made at approximately the D and 34 m
tower levels; and inversion height was monitored with an acoustic sound2r.
In addition, measurements were Rade of water vapor, net radiation, and
soil surface temperature and observations were made of cloud cover.

At Apache Site (5.5 km west of the LSTC) point measurements of optical
turbulence, windspeed and direction, and temperature were made at approx-
imately the 9 and 33 m tower levels. In addition, radiosondes were re-
leased from Apache Site and were scheduled to coincide with the NOAA tur-
bulence flights.

At Arky Site (2.6 kI r-orthwest of the LSTC) point measurements were made
of the particulate size- distribouticn, relative humidity, and wirdspeed.
Extinction coefficients were computed foi- spherical particles for wave-
lengths of 1.06, 3.8, and 10.6 micrometers froa the measured size distri-
bution and published values of the complex refractive index.

The purpose of this report is to present the basic data acquired during
the 2 weeks. Following brief sections on geology/soils/vegetation, sites,
instrumentation, sampling frequency, and data availability, the data are
presented. The data are organized on a daily basis by site in graphical
"form, occasionally supplemented by tabular listings. Included in the
daily summaries are synoptic and local weather summaries, data logs (tem-
perature, moisture, clouds, remarks), plots of the atmospheric structure
parameter (or optical turbulence, 2), exponential coefficient of the

vertical variation of Ch, temperature, vertical temperature difference,

3
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net radiation, windspeed and direction. inversion heights, rawinsonde
data, and particulate extinction coefficient estimates for wavelengths
of 1.06, 3.8, and 10.6 micrometers together with tabular listings of
size distribution, extinction coefficient and mass loading.

Analyses of these data will be covered in a future report.

GEOLOGY/SOILS/VEGETATION

e HELSTF ar is located near the southwestern corner of the White Sands
Nationa iument on the White Sands Missile Range in south-central

ico. Geologically, the HELSTF area is situated along the western
boundary of the Tularosa Basin, a graben capped by bolson deposits (valley
fill). Tilted fault block mountains with the upraised fault scarps rising
more than 1000 m above the semidesert basin floor dip away from the valley
on the west and east sides (San Andres and Sacramento Mountains, respec-
tively). During Pleistocene times a lake covered a large part of the basin.
Vestiges of the lake are still evident in the Lake Lucero playa located in
the northwestern sector of the HELSTF area. The mantle of bolson deposits
is of Cenozoic origin and consists largely of gypsum and quartz sand.

The IIELSTF area soils are indicated in Fig. 2. A description of the soil
mapping units and the associated vegetative groups is contained in Tables
1 and 2. Lake Lucero is intermittently covered with water, a feature which
is dependent upon precipitation over the surrounding area.

SITES

Ground-based measurements were taken at the sites identified as LSTC,
Apache, and Arky in Fig. 1. Apache Site is located approximately 5.5 km
west of the LSTC and Arky Site about 2.6 km to the northwest. Latitude,
longitude, and elevation for the three sites are specified in Table 3.

INSTRUMENTATION

The ground-based instrumentation used to measure optical turbulence,
wind, water vapor, particulate size distribution, and ancillary elements
are listed in Table 4.

The tower-mounted instrumentation for optical turbulence and wind were
located on booms as indicated in Fig. 3. The positioning of the instru-
mentation at a given level was selected so as to minimize the effects of
"the towers themselves upon the measurements for the winds expected to occur
during the 2-week period. Erroneous data and data influenced by the tower
were eliminated from the final computer plots (see Appendix B).

(i5
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i
TABLE 3. DATA ACQUISITIONI SITES

Elevation (m above

Site Latitude Longitude Near. Sea Level)

-) LSTC 320381 106017' 1210

_ Apache 37038@ 1060241 1206

Arky 32040, 106020' 1206
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LASER SYSTEMS TEST CENTER
METEOROLOGICAL TOWER
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Figure 3. Location of optical turbulence and wind probes on the LSTC
and Apache Site ceteorological towers.
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Turbulence

Optical turbulence, which is characterized by the structure parameter C2,

I! can be quantified by measuring either optical effects or by measuring
thermal fluctuations in the atmosphere. Optical measurements are generally
restricted to interpretation using a model. When several. measurements are
to be made at different altitudes, the themal fluctuation approach is
advantageous. Thermal fluctuation measurements, although indirect, are
straightforward and are subject to reasonably direct calibration. The
turbulence sensors and their calibration are discussed in Appendix C.

Inversion Height

The Aeroviroment 300 acoustic sounder data was reccrded on a strip chart.
The strip chart was manually examined for inversion heights. Up to
three inversion heights were identified:

Top of the lowe•st inversion

Base of the second inversion

Base 6f the third inversion

These inversion heights were measured at 15-minute intervals and the
resultant data computer processed to arrive at the inversion height plots.

-o Particu.ate Size lDistribution/Extinction Coefficient

A Knollenberg single-particle light scattering counter was used to measure
the size distributcon of particulates at Arky Site- The advantage of using
a light-scattering counter is that the measurement is done in situ in real-
time with minimal disturbance to the particles during measurement. A serious
shortcoming of the Knollenberg counter is that particle size can be inferred
only from the act-jal measurement of the amount of light scattered into a
certain (forward scattering) solid angle by single particles as they pass

*• through a He-Ne laser beam. The amount of light scattered into this par-
ticular solid angle depends not only on the particle size, but also on
the complex index of refraction and shape of the individual particles.
To infer the size distribution1 used to estimate the extinction coeffi-
cients, it is assumed that the particles have a complex refractive index
of 1.55-0.005 i [1] at the wavelength of the He-Ne laser (0.6328 micro-
1meter). For a more detailed account of detector calibration, the reader
is referred to Pinnick and Stenmark [2].

- 1It is notmvv tz•lts r eiectr. ricrosscpe =easuererets of trix
siize distrizQ,;uaions of rxzrticies colZected - si--=Itaneous with the co.a-iter
meaýr_-ntc - onto fiitters corrobo~rate the size distri~Z-tion inferred
--C the r'Mti-c-e counter.

12



Extinction coefficients at 1.06, 3.8, and 10.6 micrometers were computed
for each size distribution. The computaiaon was based on Hie Theory,
assumed spherical particles, and incorporated the complex indices of
refraction listed in Table 5. Size distributions and extinction coeffi-
cients corresponding to mass loadings of less than 50jig m-3 are not statis-
tically significant. The nonlinear size ranges and mean radius correspond-
ing to the Knollenberg particle counter channel number are listed in Table 6.

In support of the particulate size distribution measurements and extinction
coefficient estimates, simultaneous measurments of windspeed and relative
humidity were made.

For the results presented here the particulates have been modeled with a
polydispersion of homogeneous spheres of unifom composition. However,
analysis of dust filter samples has revealed that the particulates are
multicoaponent and have irregular shapes. A model for these effects is
under development. In addition, a source strength model is to be devel-
oped for the soil-derived component taking into account sedimentation and
diffusion.

SAMPLING FREQUENCY

The sampling frequencies of the various elements are listed in Table 7.

DATA AVAILABILITY

- Ground Based

Table 8 contains a summary of the measurements/observations scheduled for
each of the three sites.

The actual availability of the data is suawrized in Tables 9, 10, and 11.
Hazardous atmospheric conditions (generally high windspeeds and the atten-
dant blowing dust and sand) and instrunmentation difficulties account for
most of the missing data, in particular on 28 and 29 March.

Airborne.4

-i The availability of data from the NDAA turbulence flights is sumarized
in Table 12. The actual data, as previously indicated, are reported in

I Appendix A.

DATA

The data are suimarized, either graphically or in tabular form, on a
"daily basis. Included in the sumaries are:

13



TABLE 5. COMPLEX INDICES OF REFRACTION USED TO

CALCULATE_ EXTINCTION COEFFICIENT

Index of Wavelength
Refraction (um) Reference

1.65-0.0050i 1.06 3

1.47-0.0045i 3.8 4

1.70-0.3C00i 10.6 5

TABLE 6. SIZE RANGES AND MEAN RADIUS CORRESPONDING

TO KNOLLENBERG PARTICLE COUNTER CPANNEL NUMBER

;,ad-i,• P Ranne mean 1 8uS
Channel Number (um) (,.n)

- 1 0.32 - 0.89 0.61

S2 0.89 - 1.48 M9

3 1.48 - 2.11 1.80

4 2.11 - 4.4 3.26

S5 4.4- 5.5 4.95

6 5.5- 9.6 7.55

1 7 9.6 - 10.6 10.1

8 10.6 - 24.7 17.7

I
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TABLE 7. SAMPLING FREQUE.CIES FOR THE ASL ATMOSPHERIC DATA

24 March - 8 April 1977

Element Sampling Frequenc-

Turbulence Analog RNS 10 seconds average and arith-
metical1ly averaged over 15 minutes

Wind

3J LSTC and Apache Once every 10 seconds and arithmuetically
averaged over 15 minutes

4Arky Two second arithmetic average every 10-
15 minutes

Moisture

LSTC and Apache Once every hour

Arky Once every 15 minutes

Temperature Once every Wi -ec- _.t d arithmetically
averaged over 15 minutes

Net radiation Once every 10 seconds and arithmetically
averaged over 15 minutes

Cloud observations Once every hour

Size distribution Cunaulative over 10-15 minutes

Inversien height Every 18 seconds

Rawinsonde 0000, 0600, 1200, 1800 hours MST

15



TABLE 8. SCHEDULED SITE MEASUREMENTS/OBSERVATIONS

LSTC APACHE ARKY

Optical turbulence1  Optical turbulence1

8- 8m 9 m

34 m 33 m

Wind1  Wind1  Wind1

8 8m 9 -

34 m 33 m

Temperature1  Temperaturel

-,9. 9m

34m 33 m

Particulate size distribution4

Rawinsonde
3

Water vapor pressure2  Relative humidityl

Net radiation2

I Cloud cover 2

Invers--9n height'

;I

-I

lContinuous

:1 2Hourly

30000, 0590, 1200, and 1800 MST

.1 4Generally 10-15 minutes

16
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TABLE 10. APACHE RADIOSONDE DATA AVAILABILITY
(Release Numbers)

Release Times (M1ST)
Date 0000 0500 1200 T800D

March 24 1 2 3

25 4 5 6* 7
1 26 8 9 10 1]*

1 27 ** * 12 13

29 * 14•* 15 16

30 17 18 19 20

31 21 22 23 24

April 1 25 26 27 28

2 29 30 31 32

3 33 34 35 36

4 37 38 39 40

5 41 42 43 44

6 45 46 47 48

7 49 50 51 52

8 53 54 55 56

9 57

SRe Zeaed at 000 AST

**C02 Led due to inclezent. weat1zer
Vf issizr4

1 18



TABLE 11. ARKY PARTICULATE SIZE

DISTRIBUTION DATA AVAILABILITY

Date Pours ('ST)

March 24 C

25 0000-W515

26 1800-2400

27 C

- 28 C

29 C

30 C

I 3" C

April 1 C

12 C
3 0000-2342

14 N

5 N

6 1525-2400

17 0000-1755

~1 8 N

C = Complete data set

N = No data

19



Weather Sumary

0500 14ST surface weather map and station weather

0500 MST 500-ub height contours

Holloman AFB cloud, wind, visibility, temperature, and vapor
pressure summary

LSTC

C2 at 9 and 34 m
N

Exponential coefficient reflecting altitude change of 2

between 9 and 34 mi

Temperature and vapor pressure

Differential temperature (soil and 9 m, soil and 34 m) and
L net radiation

Windspeed and directicn at 8 and 34 m

Apache
Ii C2 at 9 and 33 m

I N
Exponential coefficient reflecting altitude ch•.-re of
between 9 and 33 m

Temperature (air at 9 and 33 m) ar. vapor pressure

Windspeed and direction at 5 and 33 m

Rawinsonde

Temperature, -:dpor pressure, and wind with corresponding tabular
listing fsr significant and mandatory levels up to 3600 m above
grounj level (AGL)

Particulate

Size distribution (tabular)

Extinction coefficient estimates (graphical and tabular)

Windspeed and relative humidity (graphical)

20



I

(Additional size distribution data, extinction coefficient
estimates, and vindspeed and relative humidity data are
available for 16, 17, 18, 19 and 23 March. 1,.e respective
plots and tabular listings are included in Appendix D)

Mass loading (tabular)

1I
.1
I

-I
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- Weather Summary

Date: 24 March 1977

Synoptic

Surface: Deep surface lo-pre-ssure area over eastern Montana with second-
ary low over Utah. Cold front extending from the low over east-
ern Montana into southern California.A

500 'illibar: Upper air trough off the west coast with short wave over
western Texas and resultant northwesterly flow over
New Mexico.

Hollowan AFB

Clo;ds: Mostly clear with scattered afternoon high clouds (cirrus).

Wind: Light and Yariable in the morning with 5-9 n s pc- somutherly
S-• winds during the afternoon.

Visibility: Generally greater than 60 km.

a
Maximo temperature: 23.9 0C Corresponding vapor pressure: 2.5 Torr

Minimum temperature: 7.2*C Corresponding vapor pressure: 2.2 Torr

23



Figuxre 4 a. Surfaze weather mapn for 24~ Mlarch 197.7.

Figure 4 b. 500--aillibar height coftw7ars for 24 YXarcin 1977.
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Figure 5. Diurnal variation of the atmospheric structure par&-,eter, 2C,

at the LST(C for the 9 and 34 m tower levels_, 24 Mlarch 1977.
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Figure 11. Diurnal variation of surface soil temperature, air tempera-
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ARKY 24 MAR 1977
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Figure 13. Diurnal variation of the particulate extinction coefficient

for 1=1.06 ve, X=3.8 Im and 1=10.6 ma for Arky Site, 24 March 1977.
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WIeather Summary

| •Date: 25 March 1977

S! Synoptic
I

Surface: Deep surface low-pressure area over eastern North Dakota with
cold front extending southwest to low over Colorado and thence
southward to southwestern New Mexico.

500 Millibar: Upper air cutoff low developed over west central California
with southwesterly flow over New Mexico.

i Ilolloman AFB

SClouds: Increasing cloudiness with scattered middle (altostratus) and high
4(cirrus) clouds during the morning and scattered low (cumulus) and
middle clouds and overcast high clouds during the afternoon with
cloud bases at 2000 u, 5500 m, and 7600 a XGL, respectively.

Wind: Generally southerly at 5-8 m sec-1 with gust to 13 m sec-1 duriu.j
midafternoon.

Visibility: Generally greater than 60 km.

SMaxiim= temperature: 23.3 0 C Corresponding vapor pressure: 2.2 Torr

M Minimmus temperpture: 9.4%C Corresponding vapor pressure: 1.7 Torr

.42



Figure -15a Surface wea-te ma f~or 25 M~arch 1977.

Figure 15b. 5OO-=,-4;br~ h-ieinht contours for 25 H~ar 4 h 9C,77.
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10-' LST-C 25 MlAR 1977
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•,Figure 16. Diurnal variation Qf the atmJospheric structure parameter, 2.i

-• at the LSTC for" the 9 and 34 m tower levels, 25 March 19775'
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2, LST'C 25 AIRR 1977
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•1 Figure- 17. Diurnal variation of the altitude change of q• betw~een the 9

il ~ and 34 m levels. The exponential coefficient (a) for C;(z)=

z ak is plotted where z is the altitude and k is the I m C
-• value, LSTC, 25 Mlarch 1977.
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LSTIC 25 HFlR 1977
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Figure 18. Diurnal variation of surface soil temperature, air tempera-
tures at the 9 and 34 m tower levels, and vapor pressure at
2 rm level, LSTC, 25 March 1977.
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at the Apache Site for the 9 and 33 m tower levels, 25 Narch 1977.
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RPRCHE 25 MRR 1977
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Figure 24. Diurnal variation of surface soil temperature, air tmpiera-
tares at the 9 and 33 i toin-r levels, and vapor pressure at
2 m level, Apache Site, 25 March 1977.
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I RRKY 25 MRR 1977
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Figure 26. Diurnal variation of the particulate extinction coefficient
for k=l.06 ji, ,--3.8 pm and X=10.6 im for Arky Site, 25 March 1977.
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Weather Summary

IL Date: 26 March 1977

I Synoptic

Surface: Weak surface low-pressure area over northern New Mexico, withj cold front extending southwest into Mexico, passed WSW. about
1800 MST.

i 500 Millibar: Upper air closed low over northern Baja moving slowly east
with instability showers ahead of the low. Strong south-westerly flow over New Mexico in advance of the closed low.

Holloman AFB

Clouds: Mostly overcast. Ceilings as low as 850 m AGL with layers above
and occasional rain showers, blowing dust and blowing sand. A
"few thunderstorms were reported over the area during the late
afternoon and early evening.

1 Wind: Southeasterly 10 m sec- 1 becoming southwesterly 5 m sec- 1 by 1800 MST.
Peak gust 16 m sec-1 out of the southeast shortly before 0800 MST.

Visibility: Generally greater than 32 kin, lowering to 8 km in rain showers
and fog by 1900 MST, then improving to greater than 16 km for
remainder of day.

M aximum temperature: 18.9°C Corresponding vapor pressure: 6.3 Torr

Minimum temperature: 6.7°C Corresponding vapor pressure: 6.1 Torr

'1624)
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igr28.Surface weathe ma- for 260Mrc 1977.

Fig-ure 2Sb. 5OCa-z=llb-.r h~ tcon Lours fa 6Mrh1977.
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Figure 29. Diurnal variation of the a-t-ospheric structure parameter, C,
at t,.e LSTC for ti- 9 and 34 m tower levels, 26 Nard' 1977.
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Figure 30. Diurnal variation of surfeace soil temrature, air tesera-
tures at the 9 and 34 m tower levels, and vapor pressure at

S2 a level, LSTC, 26 March 1977.
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4CT LSTC 26 MAfR 1977
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-RKY 26 MAR 1977
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Figure 34. Diurnal variation of the particulate extinction coefficient
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4 dWeather Statary

Date: 27 MIarch 1977

Synoptic

Surface: Weak surface low-pressure area over northeast New Mexico and the
panhandle of Texas with cold front extending southward from
central Kansas thru Texas.

500 Millibar: Upper air closed low weakening and moving eastward. Closed
upper low center moved over El Paso, Texas at 1000-1100 PST
with consequent shifting of winds over WSWR from southerly
to northerly.

Holloman AFB

Clouds: Iostly cloudy (ctumlus) with occasional light drizzle and ceilings
1500 m AGL.

Wind: Southeasterly 5 m sec- until 1000 HST, southwesterly 4 m sec-I until
1600 MST, and southeasterly 3 m sec-I for the remainder of the day.
Peak gust west southwesterly 10 m sec-I shortly before 1300 IST.

Visibility: Generally 40 kb lowering to 16 kmn in light rain showers at
1800 MST.

Remarks: On the west side of the Tularosa Basin, 'A' Station reported
sustained west northwesterly winds of 13-15 m sec-1 with peak
gusts in the 23-26 m sec-l range after 1700 MST.

Maxioum temperature: 10.6*C Corresponding vapor pressure: 5.2 Torr

Minimumi temnperature: 3.9*C Corresponding vapor pressure: 4.8 Torr
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Figure 36 a. Surface weather , fc-r 277 'rarch 1.977.

Figure 36b. 5X-milli4bra-r heigh . frs f 27 YMarzh- 977.
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LSTC 27 MRP, 19"77
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Figure 37. Diurnal variation of the atmospheric structure parameters C?,

at the LSTC for the 9 and 34 m tower levels, 27 March 1977."
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80 LSTC 27 MAR 1977
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78



LSTC 27 MRR 1977
S[5 . .... J.0

_ 3 , 4NR==-----
NR -

1401
-- 14o

0 0 -1200

• - ! 000•
L)

LL. 20-
8 C. 0

"2 6001
10 -- "

-I-
- I -200

-- 20

I 1 _ 2 I , , ; 1 a 2 , , 4 0 0
0 4 8 12 16 20 24

HIOURS [MlST)

Figure s9. Diurnmi variatio•, of the difference in temperature between
-oi I surface a.d 9 m and soil surfare and 34 m, and net radia-
tion at the 1 m elevel, LSTC, 27 Mlarch 1977.

79



f 40 LSTC 27 MIRR 197?4 . ."" "- 360

3_ 5 3M __ 315S•I341 WD=-- -!

301 : -270

.- .I i )J-&.= -.

2o 5 1 i- -. : w:
-a -% .•.

3z - -'WI-3 -,. 12
"-" 3-- I -: : z

w' 20 -180'-
Lii -r .- L)i

5135

i0 -190

5k $-- 1% stI 1 4
Ljj

0 Ps~ I0,, , i , 1: I , . , 1'.......L..J. 0
0 4 8 12 16 20 24 "

SHOURS (MSI]
Figure 40. Dirunal variation of vindspeed and wind direction aE the 8

and 34 m tower levels, LSTC, 27 Marc. 1977.

80



I Im
F C

Of 1
A IC)

m 0

CI

CZ-
01T_-

C) I' Q IQ C C 3C

o0 C3 C) ED 03C 0 0D 0D -1
O0? 0t a) r-(M in =4 MT ~



1- (Sill) W1OSAS 2MG GNIMk

I-

or

iu

Da_

ccw

Iaio: I 4
"m o

-2 U) 2. C3 caC

zo 19V--a
t a em a a

1-9 ) Hi2

ma82



(Sill WM1&AS smI IJNIM

1' c

IL.L

12::

crv
ca (1) L~ W

EJED

ZL;z IL) ON ) 1 3

LL~n (N U) () L I

c,-, 0v cv 4Tm z (r) ()

0- 1

OC83



RRKY 27 Mi.AR 1977
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Weather Summary

I Date: 28 March 1977

Synoptic

Surface: Low-pressure area over eastern Colorado and Kansas with cold
front extending southwestward from eastern Colorado thru north-
west New Mexico.

500 Millibar: Closed low over Oklahoma and near cutoff low over western
Montana. General northwest winds over New Mexico.

Holl an AFB

Clouds: Scattered low (cumulus) and middle (altocumulus) clouds at 1800 m
and 3000 m AGL, respectively.

Wind: Generally westerly and southwsterly 10 m sec- with peak gust of
16 m sec 1 around noon.

Visibility: Generally 50 km in the morning, 30 kb in the afternoon.

Maximum temperature: 18.3"C Corresponding vapor pressure: 3.9 Torr

Minimum teqperature: 3.9°C Corresponding vapor pressure: 4.4 Torr
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Figure 44a. Si~f ace weather =--- for 28 March 1977.
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Figure 44b. 5O0-mi~ibar beight mz~t-(=-s f0-1 28 XSc 1977-
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Figure 45. Diurnal variation of the particulate extinction coefficient
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heather Summary

Date: 29 March 1977 A

Synoptic

SSurface: Low-pressure area over eastern south Dakota and weak low over
central New Mexico.

500 Millibar: Closed low extending from southern Minnesota to northwestern
Utah with strong southwesterly flow over New Mexico.

Holloman AFB

Clouds: Clear to few cumulus with bases at 1200 n AGL.

Wind: Generally westerly to se-thwesterly 10-15 n sec-I with late
morning gust to 19 m sec- 1 .

Visibility: Generally 16-40 km in the morr~ing decreasing to 3 km in blow-
ing dust and blowing sand by midafternoon.

SlMaximum temperature: 16.7%C Corresponding vapor pressure: 3.7 Torr

Hinim.m temperature: 5.6°C Corresponding vapor pressure: 2.7 Torr
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Figure 47a. Surface waher =an for 23, h 177

Figur=e 47b. 5(X'--zllibaz- ;,,.Cr fer 2_" .. a:ch 1977.
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-RRY 29 MAR 1977
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A Figure 48. Diurnal variation of the particulate extinction coiefficient
for X=1.06 Vmn X=3-8 m and 11.6 pm for Arky Site, 29ZMrch 1977.
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Arky Site, 29 arrch 1977.
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$
Weather Smmaery

Date: 30 March 1977

Synoptic

Surface: Rapidly filling surface low-pressure area over eastern South Dakota.
Weak surface pressure gradient over New Mexico.

500 Millibar: Closed low pressure centers )ver eastern South Dakota and
north-central California witt. interconrnecting tr.ough result-
ing in strong southwesterly flow over New Mexico.

I

i lHollomn AFB

Clouds: Mostly clear to scattered (less than 0.3) high clouds (cirrus).

Wind: Light and variable with a peak gust of 7 m sec-I out of the south.

Visibility: Generally greater than 60 kin.

Maximum temperature: 21.1 C Corresponding vapor pressure: 2.8 Torr

.Iinimum temperature: 1.7 0 C Corresponding vapor pressur'e: 2.5 Torr
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Figure 50a. Surface weather. == for 30 F-arcn 1977.

Figure 50b. 50O-=i13abar n i&.1% -or tours for 3C M-arch 19??.
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10- LSTC 30 IRR 1977
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SFigure 51. Diurnal variation of the atmospheric structure parameter, 2•

3] ~at the LSTC for the 9 and 34 m tower levels, 30 March 1977.'
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Weather Sumary

- -Date: 31 March 1977

Synoptic

Surface: Weak north-south pressure trough thru central Arizona.

500 Millibar: ,Northeast-southwest oriented trough thru central California
weakening and moving east-southeast. Continued strong
southwesterly flow over New Mexico.

IHollcman AFB

Clouds: Mostly clear to scattered low (cumlus) and high (cirrus) clouds
with ctmulus bases at 2O00 m AGL.

M Wind: Generally southerly at 5-8 m sec-1 with a midafternoon peak gust
of 15 m sec-1 from the south.

Visibility: Generally greater than 16 km.

'it

Maximum temperature: 24.4°C Corresponding vapor pressure: 3.0 Torr

Minimum temperature: 4.4*C Corresponding vapor pressure: 3.3 Torr
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Figgure 63a. Siwflace weather for 31 Harc'n 1977.

4 igare 63b. 5OC-.=i liibar heitht cont, urz -f'or 31 Ymarch 1977.
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Figure 65. Diurnal variation of the altitude change of q between the 9

and 34 m levels. The exponential coefficient (a) for q(z)

zak is plotted where z is the altitude and k is the 1 m 2
j value, LSTC, 31 Iarci 1977.
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Figure 66. Diurnal variation of surface soil temperature, air tempera-
tures at the 9 and 34 m tower levels, and vapor pressure at
2 m level, LSTC, 31 March 1977.
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Figure 67. Diurnal variation of the difference in temperature between

soil surface and 9 m and soil surface and 34 n, and net radia-tion at the 1 ui level, LSTC, 31 March 1977.
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L•-Figure 68. Diurnal variation of windspeed and wind -,".rection at the 8
-• and 34 m tower levels, LSTC, 31 March 1977.
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Figure 70. Diurnal variation of the atmospheric structure parameter, Cis
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Figue 71. Diurnal variation of surface se-il temperature, air tempera-
I tires at the 9 and 33 n tower levels, and vapor pressure all
4 2 m level, Apache Site, 31 March 1977.

136



APRCHE 31 IRR 1977
64-0 60

•j 9m l• --

35 -315

30- -270

A) I: (

w25 2 25 :.

S, ------------
*] ----- ,_

- *_ ---- - - -4

03
Cb

09

4 15 1 3- 5

K( 16--. -9

•. • I~ . 1 -],| , I1 I llI I l

HOURS (MST)
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Weather Summary

- Date: 1 April 1577

Synoptic

Surface: Surface low-pressure area over Colorado with trough extending
soute-southwest into Mexico and moving across WWiR shortly after

-! t noon.

500 Willibar: Upper air trough over western Arizona with strong south-
westerly flow over New Mexico.

Hallcwnan AFB

Clouds: Scattered low (cum!lus', middle (altocumlus), and high (cirrus)
clouds at 1800 m, 3600 a, and 7600 m AGL, respectively.

Wind: Southwesterly 3-5 m sec-I increasing to 8-10 m sec-- by 1000 MST.
Peak gust of 19 m sec-I from the west-southwest during late

- morni,~..

Visibility: Generally 50-60 km during morning decreasing to 1.5 Im by
midafternoon in blowing dust and blowing sand.

M-.aximx= t•-,erature: 17.20 C Corresponding vapor pressure: 4.6 Torr

MXinim= te.erature: 10.6°C Corresponding vapor pressure: 3.2 Torr
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Figure 76. Diurnal variation of the atmospheric structure parameter, C•,
at the LSTC Gor the 9 and 34 m tower levels, 1 April 1977.
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2 m level, LSTC, I April 1977.
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at the Apache Site for the 9 and 33 w tower levels, 1 April 1977.
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Weather Sttuary

Date: 2 April 1977

Synoptic

I Surface: Deep surface low-pressure area over Iowa with cold fronts extend-
ing south into eastern Texas and southwestward into southeastern
Colorado.

500 Millibar: Closed low center over western Utah and eastern N~evada with
continued strong southwesterly flow over New Mexico.

Holloman AFB

Clouds: Mostly clear. Few middle clouds (altoctuulus) at 3000 m A&.

Wind: Southwesterly 5-10 m sec- 1 with peak gust of 13 m sec-' frog the
"southwest at 1000 MST.

Visibility: Greater than 60 kni.

zaxima temorature: 19.4'C Corresponding vapor pressure: 2.5 Tor-

Hinimum temperature: 2.84C Corresponding vapor pressure: 2.2 Tor-
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Figure 88a. Surface weatý,-e- fora 2 rar2  1977.

Figure 88b. 5zi~ contois fcr 2 :cM 97.
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Figure 89. Diurnal variation of the atmospheric structure parameter, 2~
at the LSTC for the 9 and 34 M' tower levels, 2 April 1917.
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Figure 90. Diurnal variation of the altitude change of q between the 9

and 34 m levels. The exponential coefficient (a) for Cjz)

zak is plotted where z is the altitude and k is the 1 m 2

value, LSTC, 2 April 1977.
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soil surface and 9 mi and soil surface and 34 mn, and net
radiation at the 1 " level, LSTC, 2 April 1977.
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Weather Sumiary

Date: 3 April 1977

Synoptic

Surface: Weak surface low-pressure area developed over central New Mexico
and! moved slowly eastward.

500 M4illibar: Northeast-southwest oriented trough thru northeastern Arizona
moving rapidly eastward with gernerally strong southwesterly
flow over New Mexico.

.1

I IHololican AFB

Clouds: Mostly low (cuu•jlus) arn middle (altocu!ulus) cloudiness at 18C
ii and 3000 m AGL, respectively, becomirg partly cloudly after
1900 MST.

j Wind: Generally southwesterly at 5-10 m sec-I with peak gust of 15 m sec-I
from the southwest near noon decreasing thru the afternoon to north-
w•sterly at 4 m sec-I by 1600 NST.

• Visibility. Generally greater than 30 km.

Maximam temperature: 13.9°C Corresponding vapor pressure: 2.7 Torr

Minimum temperature: 6.1*C Corresponding vapor pressure: 4.0 Torr
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Figure 101a. Surface wdeather =an for 3 April 1977.

Figure 101b. 5--= iba hei--7 cw-tz-;s Af
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Figure 102. Diurnal variation of the atmospheric structure parameter,

at the LSTC for the 9 and 34 m tower levels, 3 April 197752
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a k is plotted where z is tne altitude and k is the 1 m

value, LSTC, 3 April 1977.
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Figure 108. Diurnal variation of the atmospheric structure parameter, C2

at the Apache Site for the 9 and 33 m tower levels, 3 April 1977.
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Weather Summary

Date: 4 April 1977

Synoptic

Surface: Weak surface pressure gradient over the southwestern United States.

500 Millibar: Northeast-southwest oriented trough over WSMR with strong
southwesterly flow in advance of the trough and strong
northerly flow behind the trough over New Mexico.

Holloman AFB

Clouds: Clear to few high clouds (cirrus).

Wind: Light and variable except northwesterly 5 m sec- 1 during late
morning and afternoon. Peak gust of 8 m sec-I out of the northwest
observed shortly after 1100 MST.

Visibility: Greater than 60 km0

Maximum temperature: 18.9°C Corresponding vapor pressure: 2.1 Torr

Minimum temperature: -0.6°C Corresponding vapor pressure: 2.9 Torr
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Figure 114a. Surface weather =ap for 4. April 1977.

* z; --

Figure 114b. 5O0-=iU: :mr neigbt, coitours -:Or 4 Anril 1977.
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•, Ficure 115. Diurnal variation of the atzmospheric structure parameter, C•,
• ~at the LcT=C for tie 9 and 34 m tower levels, 4 April 1977.
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Figure 116. Diurnal variation of the altitude change of q between the 9

and 34 m levels. The exponential coefficient (a) for C.(z) =

zak is plotted where z is the altitude i'nd k is the 1 mivalue, LSTC, 4 April 1977.
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Figure 117. Diurnal variation of surface soil temperature, air tempera-
tures at the 9 and 34 -in tcwer levels, and vapor pressure at
2 a level, LSTC, 4 April 1977.
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•, Figure 118. Diurnal variation of the difference-in temperature between
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radiation at the 1 m level, LSTC, 4 April 1977.
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Figure 119. Dirunal variation of windspeed and wind direction at the 8

and 34 m tower levels, LSTC, 4 April 1977.
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Figure 121. Diurnal variation of the atmospheric structure paraxeter, C•,

at the Apache Site for the 9 and 33 m tower levels, 4 April 1977.
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Figure 122. Diurnal variation of the altitude change of qbetween the9

and 31 mn levels. The exponential coefficient (a) for q((z)
z ak is plotted where z is the altitude and k is the 1 mn
value, Apache Site, 4 April 1977.
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Figure 123. Diurnal variation of surface soil temperature, air tempera-
"tures at the 9 and 33 m tower levels, and vapor pressure at
2 m level, Apache Site, 4 April 1977.
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p

i Weather Swnary

.Date: 5 April 1977

Synoptic

Surface: Veak pr-essure gradients over southwestern Unitec .otates.

500 Ml sibar: Pressure ridge ,•ving eastward into western Upited States
w-ith naode.•te niort.westerly flow over Net Mexico.

Holloian AFn

-Clouds: Clear.

Wind: Licht and variable with peak wind o' o r; se.-. 1 f.om zte south
observed shortly before noon.

Visioitity: Greater th.tn 60 k-.

Maxiiam temperature: 22.2'C Corresponding vapor pressure: 2.9 Tort

Minimm temperature; 1.112C Corresponding vapor pressure: 2.0 Tortr
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Figure 125Sa. Surface t~ zfor 5 Anil 1 9"77.

Figure 125!'- illiba' e'± c'-r f--r 5 r;-i !:977.
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Figure 126. Diurnal variation of the atmospheric structure parameter, Cll,

at the ISTC for the_ 9 and 34 'm tower levels, 5 April 1977.
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•,Figure 128. Diurnal variation of surface soil t~iperature, air tempera-
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Figure 129. Diurnal variation of the difference in tesperature between
soil surface and 9 ia and soil surface and 34 i2, and net radia-
tion at the 1 m level, LSTC, 5 April 1977.
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Figure 130. Diurnal variation of wrindspeed and wind direction at the 8
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Figure 132. Diurnal variation of the atmospheric structure parameter, 2~j

at the Apache Site for the 9 and 33 mn tower levels, 5 April 1977.
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Figure 133. Diurnal variation of the altitude change of q between the 9
and 33 in levels. The exponential coefficient (a" for ,(z) =

z ak is plotted where z is the altitude and k is the 1 mi
value, Apache Site, 5 April 1977.

239



PRACHE 5 APR 1,•77

!33M=------
70 -SFC---- -18S~~VP -..

60 16

0- -14

IbI-

: 40 -12 '-

- 30 10 1

a::

•.jw 0 6- 8

2-0 4 -
-10- 2

•"-201• ' ' ' I ' ' ' l I ' ' I ' ' i I ' ' ' I ''' 0

0 4 8 12 16 20 24
HOURS (MST]

Figure 134. Dirunal variation of surface soil temperature, air tempera-
tures at the 9 and 33 m to-wer levels, and vapor pressure at
2 w level, Apache Site, 5 April 1977.
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Weather Summary

Date: 6 April 1977

Synoptic

Surface: Weak surface pressure gradient over New Mexico.

500 Millibar: Weak ridge over western United States with light north-
. hwesterly flow over flew Mexico.

Holloian AFB

Clouds: Genetally clear to thin scattered high clouds (cirrus) with few
low clouds (cumulus) at 2000 m AGL during the afternoon.

Wind: Light and variable with peak gust of 8 m sec-I from the east-
southeast shortly before 1400 MST.

Visibility: Generilly greater than 60 km.

Maxim• temperature: 26.7*C Corresponding vapor pressure: 2.9 Torr

Minimum temperature: 5.0C Corresponding vapor pressure: 2.5 Torr
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Figure_ 137. Diurnal variation of the atmospheric structure parameter, 2,

a. the LSTC for the 9 and -34 m tower levels, 6 April 1977.
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•-Figure 138. Diurnal variation of the altitude change of q between the 9

•. ~an.-.: 34 m levels. The expo~nential coefficient (a) for q(z)=

z zak is plotted where z is t~he altitude and k is the I m
•. value°, LSTC, 6 April 1977.
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Figure 139. Diurnal variation of surface soil temperature, air terpra-:"°• tures at the 9 and 34 m tower levels, and vapor pressure at
•:= 2 ru level, LSTC, 6 April 1977.
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Figure 140. Diurnal variation of the difflerence in te~perature between
soil surface and 9 mi andi soil surface and 34 m!, and net
radiation at the 1 n~ level, LSTC, 6 April 1977.
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Figure 144. Diurnal variation of the altitude change of q between the 9

and 33 m levels. The exponential coefficient (a) for Cq(z) =

zak is plotted where z is the altitude and k is the. 1 m
value, Apache Site, 6 Apr4 ")77.
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Figure 145. Diurnal a.-iation of surface soil teierature, air temera-
tures et t'e 9 and 33 m tower levels, and vapor pressure at
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Weather Summary

Date: 7 April 1977

Synoptic

Surface: Weak pressure gradient over New Mexico.

500 Millibar: Weak ridge over western United States with light westerly
flow over New Mexico.

Hollomn AFB

Clouds: Clear to thin scattered high clouds (cirrus) with patches of low
clouds (cu-ulus) at 1800 m AGL during the afterr.oon.

Wind: Light :ind variable with peak gust of 6 m sec-1 from the west about
mid-morning.

Visibility: Greater than 60 bm.

Maximum temperature: 28.3"C Corresponding vapor pressure: 3.6 Torr

MinimLa temperature: 5.6 0 C Corresponding vapor pressure: 2.5 Torr

266



Figure 149a. Strface wea-.er =ap 'f 7 -- ri

F-igure 140b. 'CChe:~. -.-Ors 7 A-i1977'.

267



CI l

c Li

4,j CP C~i 41 'Z I=1 0

0 0 , ci
M. CZ = 4z

0S - En ~
- - - C. -C~

0) n 0 0 00- V
jJ V- mc. -=L;i. u c

C;- - - - - --- - -

I-l CD 0> l 00 oCDC - _l CDC )C 00DC ~ lC D a C

0 0ý 0ý C) *D (D'4 0- C)C D1 C ) :
=1 C)L~ C) = C C) 0C

Ln -ý tf- Cl 0-- 00C%

1.0 Ln -i; 4i 4 ~ = 3
3: 8 1 1i fl03 10

I.-~~ o &n C %0 nC .Cý9 %! j C r, ce s~ co.cm ýj m

4-' -1- 0 0 0 0 0 0 0 0r M0 0J 1 O Or Vt

Lii

- 0-, CC0 - C. Z- u; -:r4 4 -

3] C) Co C3 CD CD (D C D1 ý- ýC )- ClCD C0 C 0C

-j M~l :rO-') D - CO % 0D '- *0i 0n = L' 0C = C% C J C'C) c

C)C CD ~ CD -D "D Cý C) -~ - -0. -

268,



LSTC 7 RPR 19 S77

•:! I 34M= ......

11 0-4
77.

Z

i 1~ 0-1 •

.1.- 
--.- =-.

I0 4• -8: 121 02

S:: : ::

HOUR (MST

I -.

I, HOUR -S

•[ Figure 1.50. Diurnal variation of the atmo~spheric structure parameter, s

i• at the LSTC for the 9 and 34 m tower levels, 7 April 1977.

N26

> 269
__ -



LSTC 7 APR 1977

zJz

LU

IL3

0-L)

-cCDC

-2

:_ 3j , , I I , , , , I I I , I I I , , I , , ,
0"4 - 12 1- 20 24

HOURS (MST)
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Weather Srumary

Date: 8 April 1977

Synoptic

Surface: Weak high centered over central Colorado.

500 Millibar: Weak ridge over Rocky Mountains with light northwesterly
flow over New .4exico.

I
-:, Holloman AFB

Clouds: Clear early morning. Scattered cumulus 1200-2000 m AGL during
daylight hours.

Wind: Light and variable with peak wind of 7 m sec- from the northwest
durino midafternoon.

Visibility: Greater than 60 km.

Maximum temperature: 29.4°C Corresponding vapor pressure: 5.0 Torr

Minimum temperature: 7.2°C Corresponding vapor pressure: 2.5 Torr
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Figure 163. Diurnal variation of the atmospneric struzcture parameters Cfi,
at the LSTC for the 9 and 34 m tower l~iý,fs, 8 April 1977.
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Figure 164. Diurnal vaito fthe altitude cagofqbetween the9

and 34 m levels. The exponential coefficient (a) for C;(z) =

Z ak is plotted wher6 z is the altitude ind k is the 1 mr

value, LSTC= 8 April 1977.
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•) ~Figuree 165. Diurnal variation of surface soil temperature, air te-dera-tures at the 9 and 34 m tower levels, vapor pressure at

S2 m Ilevel, LSTC, 8 AprilI 1977.
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Figure 166. Diurnal variation of the difference in teinperature between
soil surface and 9 m and soil surface and 34 mn, and net
radiation at the 1 mn level, LSTC, 8 April 1977.
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Figure 169. Diurnal variation of the atmospheric structure parameter, 2,

at the Apache Site for the 9 and 33 m tower levels, 8 April 1977.
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I( APPENDIX A

AIRCRAFT MEASUREHENTS OF THE ATMSPHERIC STRUCTURE PARAMETER

Aircraft measurements of the atmospheric structure parameter measure of
optical turbulence were performed by the Wave Propagaticn Laboratory,
Environmental Research Laboratories, National Oceanic and Atmospheric
Administrati on. The report covering these measurements is included as
Appendix A.
Temperature irregularities may be noted where the ambient temperature is
within i° of O°C. This is an instrumental effect (related to the tape
recorder) and should be overlooked.
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.Eu SziUS C2 5n~pWF
n

Summary of Flight Schedules and Data Obtained

Flight Date Time Descent Level Notes (reasons for lost data)

Snunber 1977 MST phase flight

Mar-Apr phases

1 25 0300 Y y!

7-2 25 1000 Y Tape recorder problen at start
3 25 1800 Y Y
4 26 0000 Y Y
5 25 0500 Sensor broken in flight
6 26 1200 Y Y Sensor replaced; vertical profile data

from ascending rm
7 26 1800 Thunderstorm
8 27 0000 Y Y

1 9 27 0500 Y Y
10 27 1200 Sensor broken in flight
11 27 1800 Poor weather - overcast with showers
12 28 0000 lower instruments out (blowing sand)

, 1 3 2 8 0 5 0 0 " " "1 "

A4 28 1200 Temperature data erratic
1s 28 1800 Y Y
16 29 0000 Y Y
17 29 0500 Y Y
18 29 1200 Y Y
19 29 1800 Y Y
20 30 0000 Y Y
21 30 0500 Y Y
22 30 1200 Y Y
23 30 1800 Y Y
24 31 0000 Y Y
25 31 0500 Y Y
26 31 1100 Y Y
27 31 1830 Y Y

- 28 01 0000 Recorder nicrophone problen
29 01 0500 if t I
Z30 01 1200 No flights: blowing sand at ground
31 01 1800 Y Y
32 02 0000 Y Y

"- 02 0500 No voice data on tape
34 02 1200 Y Y
35 02 1800 Y Y
36 03 0000 Y Y
37 03 0500 Y Y
38 03 1200 Y Cloud build-up over nountains
39 03 1800 Y Rain in area, overcast
40 04 0000 No back-up flight crew
4.! 04 0500 Y Y
42 04 1200 Y Y
43 04 1800 Y Y
44 05 0000 Y Y

-A-'T indicates data obtained and processed
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APPENDIX B

"DATA EDITING

With respect to measurements of optical turbulence, two types of editing
were employed - objective and subjective. The objective editing was con-
cerned with the effect of the towers on the measurements, continuity prob-
lems, and power surges. Data deletion was by ;ftatistical analysis through
appropriate programmning. The subjective editing centered on meteorologi-
cal phenomena and was edited out of the final plot after a thorough analy-
sis of the objectively edited data.

Tower Effect

Turbulence sensors were mounted at approximately the 9 m and 33 m levels
of the towers at the LSTC and Apache Site (Fig. 3). It was felt that the
tower would have little effect on the me-isureents at 33 m, but the mea-
surements at 9 m should be edited for tower shadow effect.

Figure B1 shows the orientation of the wind and turbulence probes at the
9g m level at Apache Site. The direct tower effect angle thus ranges from
900 to 1550. Ten degrees was added to either side of the sector to act
as a safety factor against tower boundary effects.* Thus, for each 10-
second average of C4, the corresponding 10-second average wind direc-
tion was examined. If that wind direction fell between 800 and 1650, the
Svalue was eliminated from the data set. As noted in Table 7 there were

a maximrum of 90 ten-second average data points in a gi'-en 15-minute aver-
age of Cf which was plotted as C.. If the elimination of the data ef-

fected by the tower resulted in less than 30 data points in a given 15-
minute period, then the 15-minute average was eliminated from the daily
plot.

Probe Problems

Another source of error resided in the probes themselves. For example, a
probe may be broken and not making contact, or it may be broken and mking
sporadic contact. In the former case, the signal will be low and exhibit
very little variation. In the latter case, the standard deviation of Cf

will be quite large. Both sources of error were corrected through statis-
tical procedures.

-- h- s=z-.e rere --=:ed zie th 7C da.

448



APACHE SITE
METEOROLDGROCAL, TOWER

9Mn LEVEL

800

9Q0

1.8m

1.4m

1650

Figure Bi. Orfientatior, of the wine (W) and turbulence (T) probes at
the 9 m~ level of the 33 mu tower at Apache Site-.
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Power Surges

A third source of e.-ror is that represented by the effect of power surges.
Any 10-second average 4. yalue greater than four standard deviatio.n; away

from the -man was elimirated f.om the data set.

!Mete-orol:ogical
The last source of ,potential error which vas treated -iteorologicai

.heno..-rsa - was handled subjectively. A"fter tne objectively edited data
had been tabularized and plotted by day, the data were subjectively
-analzzed. The question to be resolved was what., if any, meteorological
phearr could cause significant (greater than one decade) short term
variations in If? The analysis hinged on:

S(1) Wind direction as f(tiime)

(2) Standard deviation as f(tiLe)

(3) Lapse rate as f(ti-e)

,A) T:-erature as f(time)

if the significant shirt tern changes in the 15-;inute averages of C:= wereS~I
not czeteorologically interpretable, then they weere deleted from. the data
set.

The i ind data i.vre not edited.
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APPEUiDIX C

TURBULE1RCE SHERSORS MIlD THEIR ZALIBRATION

The turbulence sensors used in 'thisc experisment incorporate coiled 8- to-
10-inicrometer diameter tungsten filaments from Westinghouse an~d General
Electric. 3-watt, 120-volt light bulbs as the temperature sensing ele=-nts.
These sensors operate in a differer~tial configuration with a 20 cm ver-
tical' separation. The electronic circuit uses a direct current bridge
with 500 microa~mneres flowing through 4the probes. The voltage varlations
across the filament-s are amplified about 3000J ti2-;,es by a differential
ampl if ier with a frequency response which is bandwidth 1 iarited between
3.016 Hz and 750 Hzz at the half power points. IThe asmplified voltace
fluctuat-ions fceed a root-m-ean square (RHS) module Which has a 10-second
averaging period.

At a typical gain set-Ling where a P*C peak-to-peak temperature fluctuaition
corresponds to 2 volts peak-to-peak in the RMS module, the sensor package
has aC,2 dynamic range from the noise level of apprriximately 4 x10

the/ -1"-/
to2/ teonset of electronic clipping at about 4 x 10-1 0 23

Tungsten fillam-ents are used ipstead of fine platinum wires to achieve an
acceptable prob-e lifetim~e. Under typ"Ical weather conditions with no pre-
cipitation, a tungsten filam~ent probe life of one week is realized. Undler
similar conditions the.lifetiine ofl a 1-micrometer platinum wire would be
=Eeasured in hours.

The use of the 8- t~o 10--micrometer diameeter tungsten probes reduces the
high frequen~cy response; -hawwever, in practice this does not appeae to be
signifcn sic thIpct~o C-2Ci encountered in the atmosphere
has most of the energy at low frequencies. This is demionstrated in uFI-i.x Cl, where twoi equivalent turbulence sensors with different probes are con-
pared. One device used -i-nicrometer diar-erter platinun probes as a refer-
ence standard. The other iristrumen't used the 8- to 10-micrometer diameter
3-wattt to 120-volt tungsten filament probes. The system~s were operated
With a basic vertical probe separation of 270 c~m; however, the two instru-
m~ents were moved so that correspornling probes were within 2 cm of ea=ch
OtLhe-.-

The system's calibration depends jipon -the tanerature coeffricients ofresistance for rtle probes. The t=,ratw-e ceiiet frtet:gtr
filas=ets was veeasured as X0.0423 r0.O0=3) ohw"/C' although some. lot"-
weree O.004432 Z 0.0000 otmijC. The platinum~ probe temiperature coeffsi-
cienit was mneasured as 0.00385 0 .00001l oim/2C. As can tbe seen in F:g
Cl, the tungsten sensor response tras about 5-a higher than the fine wvre
platinun response. This differt~ce wa-s within the experinen'.ai error.
A dynesic ca'libration with an oscilloscope was zseed and thils linits the
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SFigure C1. Compa.rison betw-een turbulence response for two equivalent systems
with different probes. The abscisssa represents the response of a

•- -mirometer diameter platinto wire probee while the ordlir%.1'.?
, represents th response of an 8- to ýO-micrmeer dia=aeter 3-wtt"
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calibration accuracy to 2 to 3% per syste. For the 20 cm separation
used for these sensors, the, tungsten filament measurement accuracy does
not differ significantly from the results with the ]-micrometer platinum
probes. The absolute accuracy of the turbulence sensor can be estimated
from this comparison as ±5% for CT (Ctj) or ±10% for 1 (C)2

453



1i APPENDIX D

ADDITIOINAL PARTICULATE INFOWRATIOIN
16-19, 23 March 1977

Prior to the 24 March to 8 Ppril 1977 sampling period, particulate size
distribution, windspeed, and relative humidity measurements were made at
the Arky Site. The resultant graphical depictions of extinction coeffi-
cient, windspeed, and relative humidity are shown in Figs. D- through DIO.

Tabular listings of the size distribution, extinction coefficient at A
= 1.06, A = 3.8, and A = 10.f and mass loadings are covered in Table DI.
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RRKY 16 MRR 1977

-05 LIM I A. 65-J. 0050--
- A3U 80 1135 L(Y5=..

C0.1 1060 U -70-J. J000 i
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Figure Dl. Diurnal variation of the particulate extinction coefficient
for A7=l.06 pm, X=3.8 pm and A7=lO.6 I for Ark.y Site, 16 March 1977.
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Figure D2. Diurnal variation of windspeed and relative h,•udity,
Arky site, 16 .March 1977,
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Figure D3. Diurnal variation of the particulate extinction coefficient
for )A71.06 in, A7=3.8 Vm and )-=10.6 In for Arky Site, 17 March 1977.
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L Figure D4. Diur-nal variation of wir~ds peed and relative ht~idity,
Arky Site, 17 Ma-~h 197.•7
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Figure D5. Diurnal variation of the particulate extinction coefficient

for ).=1.06 Isn, 1-=3.8 in and 17-10.6 im for Arky Site, 18 March 1977.
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Figure D6. Diurnal variation of windspeed and relative humidity.
Arky Site, 18 March 1977.
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- RKY 19 MRR 1977
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") Figure 07. Diurnal variation of the particulate extinction coefficient
for )L=1.L6 am, A7=3.8 ;.• and 1,=10.6 um for Arky Sit2, 19 March 1977.
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(Figure F r8. Diurnal variation of tindspeed and relative humiditcy,
Ark, Site 9 an 9., 19 March 1977.
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RRKY 23 MRR 1977
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ioure D9. Diurnal variation of the particulate extinction coefficient
for X=l.06 um, A-=3.8 pm and A=lO.6 um for Arky Site, 23 March 1977.
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-1Figure 010. Diurnal variation of windspeed aný relative humidity,
Arky Site, 23 Plarchi1977.
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AThOSP.ERIC CONIDITIONS AT THE HIGH ENERGY

LASER SYSTEMS TESY FAILITY (HELSTF),
ImHITE SANDS MISSILE RNA-GE (WSMR), NEW MEXICO

I: '- 24 MARCH TO 8 APRIL 1977

Insert table 12 as page l9a of the report.



TABLE 12. NOAA TUPMJLERCE FLUGHTS

Date Time (MST)

ODO 0500 1200 1800

March 24 H 1 1 U

25 H C P 5

26 C It P if

27 C C 11 it

28 U• i C C

29 C C C C

30 C C £ C

31 C C C C

April 1 if It C :1

2 C !1 C C

3 C C P P

a It C C C

5 C UI i1 9

6 U i N it

7 I t i iH

8 H U U

C = Coplete data set

P = Partial data set

It = Io data


